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Renin release from isolated afferent arterioles
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Renin release from isolated afl'erent arterioles. A new in vitro system
was developed in which renin release was studied in the absence of
tubules, glomeruli, and macula densa. Rabbit afferent arterioles were
isolated by microdissection and incubated in medium 199 for consecu-
tive 15-mm periods. Renin concentration of incubation media and
arteriolar tissue was measured using partially purified rabbit angioten-
sinogen. Basal renin release rate was 0.68 0.06 ng of angiotensin I
(Al) . hr arteriole'/hr incubation of arterioles ( SEM, N = 29),
and remained stable for 60 mm. The renin release rate was 2.76 0.22%
of arteriolar renin content each hour, and there was a significant
correlation between the two (r = 0.73, P < 0.01). Renin release
increased from 0.56 0.07 to 1.71 0.17 ngAI hr' arteriole/hr(P
< 0.01, N = 6) during exposure to isoproterenol (8.1 x i0 M) and
returned to basal values during the recovery period. Dietary sodium
depletion resulted in a significantly greater arteriolar renin content (86. 1
17.5 ngAl hr'/arteriole) compared with that from rabbits on a
normal sodium diet (26.8 2.51 ngAI hrVarteriole). However,
sodium depletion did not alter the basal renin release rate suggesting
that sodium depletion increased renin content in a storage pool rather
than a pool contributing to basal release. It is concluded that the
isolated afferent arteriole is a good model for the study of renin release
in the absence of tubules, glomeruli, and macula densa.
Liberation de rénine par des arterioles afférentes isolées. Un nouveau
système in vitro a été développé, grace auquel Ia liberation de rénine a
éte étudiée en l'absence de tubules, de glomérules, et de macula densa.
Des arterioles afférentes de lapin ont etC isolCes par microdissection et
incubées dans du milieu 199 pendant des pCriodes consCdutives de 15
mm. La concentration en rCnine des milieux d'incubation et du tissu
artCriolaire ont étè mesurées en utilisant de l'angiotensinogCne de lapin
partiellement puriflé. La vitesse de liberation de rCnine basale Ctait de
0,68 0,06 ng d'angiotensine I (Al) hr artCrioleVhr d'incubation
des arterioles ( SEM, N = 29), et est restCe stable pendant 60 mm. La
vitesse de liberation de rénine Ctait de 2,76 0,22% du contenu
artériolaire en rCnine chaque heure, et il existait une correlation
significative entre les deux (r = 0,73, P < 0,01). La liberation de rCnine
a augmente de 0,56 0,07 a 1,71 0,17 ngAl hr' artCrioleVhr (P
<0,01, N = 6) au cours de l'exposition a del'isoprotCrénol(8,l x l0
M) et est revenue aux valeurs de base pendant Ia periode de
rCcupération. Une déplétion sodCe alimentaire a entrainé un contenu
artériolaire en refine significativenient plus Clevd (86,1 17,5 ng Al
hr/artériole) par rapport a celui de lapins en régime sodé normal (26,8
2,51 ngAI . hr/artériole). Toutefois, Ia ddplétion sodCe n'a pas altCré
Ia vitesse de liberation basale de rCnine ce qui suggère que Ia déplétion
sodée a augmenté Ic contenu en rénine dans un pool de stockage plutôt
que dans un pool contribuant a Ia liberation basale. On conclut que
l'artériole affdrente isolCe est un bon modCle d'étude de Ia liberation de
rCnine en l'absence de tubules, de glomdrules, et de macula densa.
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In an attempt to assess direct effects of various substances on
renin release, a number of in vitro systems have been used
including renal cortical slices [1—61, isolated superfused
glomeruli [7, 81, and renal cortical cell suspensions [9, 101.
Although these in vitro systems are free from systemic hemo
dynamic influences, they still contain components other than
afferent arterioles, such as macula densa and glomeruli. Be-
cause these attendant components may influence the renin
response to various stimuli, it has been difficult to examine the
direct effects of given stimuli on juxtaglomerular cells.
To develop a system in which renin release can be studied in
the absence of tubules, glomeruli, or macula densa, we adapted
microdissection techniques [11—131 to isolate rabbit afferent
arterioles. Using this preparation, we first studied whether
microdissected afferent arterioles respond to isoproterenol, a
known stimulus of renin release, and second whether sodium
depletion of rabbits alters renin release from microdissected
arterioles.
During some of these studies kidney tissue was microdis-
sected following treatment with collagenase and hyaluronidase,
a method commonly used to facilitate microdissection [12—141.
We examined the influence of this treatment on both renin
release and arteriolar renin content.
Methods
Isolation of afferent arterioles and incubation procedure
Young male New Zealand white rabbits (1.5 to 2.5 kg),
maintained on standard rabbit chow (Ralston Purina Co., St.
Louis, Missouri, USA) and tap water ad libitum, were used in
all the experiments except those for assessing the effect of
sodium depletion on renin release.
Rabbits were anesthetized with sodium pentobarbital (40
mg/kg, i.v,; Abbott Laboratories, North Chicago, Illinois,
USA) and given an intravenous injection of heparin (500 U;
Elkins-Sinn, Inc., Cherry Hill, New Jersey, USA). The left
kidney was perfused in situ with cold, oxygenated (95% 02 and
5% C02) medium 199 (Gibco Laboratory, Grand Island, New
York, USA) containing 0.1% bovine serum albumin (BSA;
Schwartz/Mann, Orangeburg, New York, USA). The kidney
was then removed and sliced along the corticomedullary axis.
Slices were placed in ice-cold medium 199 and either microdis..
sected immediately or microdissected following treatment with
collagenase (Worthington Biochemical Corp., Freehold, New
Jersey, USA) and hyaluronidase (Sigma Chemical Company,
St. Louis, Missouri, USA). For this latter treatment, slices
were incubated in oxygenated medium 199 containing col-
lagenase (0.075% wt/vol), hyaluronidase (0.1% wt/vol), and
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Fig. 1. Example of microdissected afferent arterioles. On the left (A') is
an afferent arteriole before its glomerulus was removed. On the top (A)
is an afferent arteriole in the final stage of microdissection. Broken lines
(B) indicate placement of an interlobular artery which was cut off.
BSA (0.1% wtlvol) for 30 mm at 35°C. Following treatment,
slices were rinsed in cold medium 199 and transferred to a petri
dish filled with ice-cold medium 199. Microdissection was
performed at 4°C under a stereomicroscope at a magnification
up to x70 using thin steel needles and forceps (no. 5 Dumont,
Harvard Biosciences, South Natick, Massachusetts, USA).
The method for microdissection of afferent arterioles was
similar to that previously described by Edwards 11]. Briefly, an
interlobular artery was localized and removed from the remain-
der of the slice by grasping the artery at its origin from the
arcuate artery and gently pulling the artery together with the
adhering tubular elements out of the slice. The tubular frag-
ments were then stripped off gently from the vessels beginning
at the base of the interlobular artery and working upwards. Two
to three afferent arterioles connected to a short stump of
interlobular artery (Fig. 1) were microdissected from the super-
ficial cortex, and glomeruli were removed using injection nee-
dles (26 to 30 gauge). Care was taken to avoid distortion of
afferent arterioles or disruption of vascular poles. Microdissec-
tion of 10 to 20 afferent arterioles was completed in 90 mm.
Microdissected arterioles were divided into experimental and
control groups of five to ten afferent arterioles each.
Following microdissection, a small plastic ladle with a nylon
mesh (54 sm; Tetko, Inc., Elmsford, New York, USA) bottom
(Fig. 2) was introduced into the dissection petri dish, and
microdissected arterioles were transferred into it. The ladle was
gently taken out of the dissection medium and examined
microscopically to confirm that all arterioles remained in the
ladle. The ladle was then blotted from the bottom so that
arterioles adhered to the nylon mesh.
The method for the transfer and incubation of microdissected
arterioles is depicted in Figure 2. The ladle containing arterioles
was preincubated in 7 ml of oxygenated medium 199 containing
0.1% BSA at 37°C for 35 mm. The pH of the medium (7.4) was
stable for at least 2 hr of oxygenation. Following preincubation,
arterioles were rinsed, blotted, and transferred to a plastic
microtube containing 100 l of oxygenated medium 199 + 0.1%
BSA. The gas layer above the incubation medium was replaced
with 95% 02 and 5% C02, and then the microtubes were
covered tightly and incubated for consecutive 15-mm periods.
At the termination of each incubation, arterioles were rinsed,
blotted, and transferred to another microtube for the next
incubation period. This system allowed us to incubate and
transfer arterioles without carrying medium along with the
tissue. Incubation medium left in the microtube was frozen
(—20°C) until the renin assay was performed. After serial
incubations were completed, it was confirmed microscopically
that all arterioles remained in the ladle. Arterioles were then
placed in 500 sl of medium 199 + 0.1% BSA and frozen
immediately. After freezing and thawing were repeated five
times, this tissue sample was stored frozen until arteriolar renin
content was determined.
Tissue viability of this preparation for each experimental
protocol (see below) was evaluated by the ability of the arteri-
oles to exclude Trypan blue. The preparation and incubation of
afferent arterioles were performed in the same manner as
described above except that BSA was not present in the
preincubation and incubation media. After serial incubations
were completed, arterioles were exposed to Trypan blue for 5
mm, washed, and examined under a microscope. To determine
stain intensity in nonviable tissue, other arterioles were placed
in 0.5 HC1 for 30 mm and then exposed to Trypan blue.
Essentially no staining of afferent arterioles was present in
either experimental protocol, whereas dead tissue stained dark
blue.
Experimental protocols
Time control. Experiments were done using afferent arteri-
oles dissected with (N = 15) and without (N = 29) pretreatment
of the kidney tissue with collagenase-hyaluronidase. Six time
control experiments run concurrently with the isoproterenol
group (see below) had five incubation periods, while all other
experiments had three incubation periods.
Isoproterenol. Experiments were done using afferent arteri-
oles dissected with (N = 6) and without (N = 6) collagenase-
hyaluronidase pretreatment. Arterioles were incubated in me-
dium 199 + 0.1% BSA for the first and second periods, and then
transferred to medium containing isoproterenol (Elkins-Sinn,
Inc.) at 8.1 x l0- M for the 15-mm experimental period.
Arterioles were again placed in medium 199 + 0.1% BSA for
two recovery periods.
Acetylcholine (N = 6). It was tested whether renin release
was affected by a vasodilator in this preparation. Experiments
were done using afferent arterioles dissected without collagenase-
hyaluronidase pretreatment. The experimental group had three
incubation periods, and the arterioles were incubated in the
presence of acetylcholine (Cooper Vision Pharmaceutical,
Mountainview, California, USA) at 1.1 X i0 M during the
second period.
Effect of sodium depletion (N = 9). Arterioles were microdis-
sected without collagenase-hyaluronidase pretreatment from
kidney slices of rabbits maintained for 10 to 14 days on a low-
sodium diet (Ralston Purina Co.) containing 0.04% sodium
chloride. On day 1 of the low-sodium diet, furosemide (20 mg;
Elkins-Sinn, Inc.) was administered intravenously. Arterioles
were incubated in medium 199 + 0.1% BSA for three 15-mm
periods.
A'
-S.I
In two rabbits fed a low-sodium diet and five rabbits fed a
normal-sodium diet, plasma renin activity was measured to
confirm that sodium depletion enhanced renin release in vivo.
Plasma renin activities in sodium-depleted rabbits (50.7 and
31.5 ngAI/mI/hr) were higher than those in rabbits on a normal-
sodium diet (7.07 2.03 ngAI!ml!hr). These data demonstrate
that sodium depletion was efficient in activating renin release in
vivo.
Analysis of renin activity
Incubation medium (50 pi) and tissue samples (20 l) were
mixed with partially purified rabbit substrate dissolved in 250 pi
of 0.15 M sodium chloride solution containing 0.005 M EDTA, 1
X l0 M phenylmercuric acetate, 0.1% BAL (2,3-dimercap-
topropanol) and 0.2% benzyl benzonate (pH 6.5). The amount
of substrate for each sample was equivalent to 1,000 ng of
angiotensin I (A!). Sample volume was adjusted to 0.5 ml by
adding 0.1 M phosphate buffer containing 0.02 M EDTA (pH 6.5)
and incubated for 3 hr. The reaction was terminated by adding
0.5 ml of saline containing 0.015 M hydrochloric acid and boiling
for 10 mm. Generated Al was measured by radioimmunoassay.
Substrate was prepared by ammonium sulfate fractionation of
plasma obtained from rabbits nephrectomized 48 hr previously.
Briefly, one part of 0.3 M EDTA solution was added to ten parts
of plasma and then ammonium sulfate was added to a final
concentration of 1 M. The solution was centrifuged and super-
nate was acidified to pH 2.7 at room temperature for 30 mm.
The solution was then cooled, adjusted to pH 4, and centri-
fuged. Ammonium sulfate was added to the supernatant to bring
the concentration to 2.3 M. The solution was then centrifuged.
The precipitate was dissolved in saline and dialyzed extensively
against distilled water. This solution was lyophilized and the
powdered substrate was stored at —20°C. Substrates had a
specific activity ranging from 300 to 700 ngAI/mg protein, and
had no detectable renin or angiotensinase activity. Al genera-
tion was linear with respect to renin concentration and incuba-
tion time for up to 4 hr. The recovery of added A! in the assay
was 100%.
The renin release rate and arteriolar renin content were
calculated as nanograms of Al generated hr' arteriole' per
hr of incubation of arterioles and nanograms of AT generated
hr per arteriole, respectively.
Statistics
Student's paired and unpaired t tests were used for the
statistical evaluation. All data were expressed as mean SEM.
A P value less than 0.05 was considered to be significant.
Results
Time control. The renin release rates during the first, second,
and third incubation periods were 1.53 0.32, 1.23 0.29, and
1.22 0.31 ngAI hr' arteriole'/hr, respectively, in the
collagenase-hyaluronidase-treated group, which had three incu-
bation periods, while those for the non-treated group were 0.72
0.06, 0.71 0.07, and 0.77 0.07 ngAI hr' arteriole'/hr,
respectively (Table 1). Although there was no difference in
arteriolar renin content between groups, the treated group had
significantly greater renin release rates than the non-treated
group during the first and second incubation periods. The renin
release rate during the first incubation period in the treated
group was 6.11 0.5 1% of arteriolar renin content per hour,
which was significantly greater than the 2.76 0.22% per hour
of the non-treated group. Figure 3 depicts individual values of
the nine experiments in the treated group and the first ten
experiments in the non-treated group, respectively. Larger
variations in renin release were observed in the treated group,
while renin release rates were stable in the non-treated group.
Figure 4 shows the effect of collagenase-hyaluronidase treat-
ment on the basal renin release rate as a function of arteriolar
renin content. Since arteriolar renin content was not affected by
the number of incubation periods, data obtained from experi-
ments of three and five incubation periods are depicted col-
lectively. In both groups, there was a significant correlation
between the renin release rate and arteriolar renin content.
Isoproterenol. The renin release rate increased significantly
during exposure to isoproterenol and returned to basal values
during recovery periods in both collagenase-hyaluronidase
treated and non-treated groups (Table 2). The renin release rate
increased by 1.11 0.24 ngAI hr1 arterioles'/hr in the
treated group; this was not different from the 1.15 0.17 ngAI
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Ladle containing arterioles
95%
5% CO2
Preincubation (35 mm) Consecutive mncubations (3TC)
Fig. 2. Method for incubation and transfer qf arterioles.
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Table 1. Basal renin release rates and arteriolar renin contenta
Group N
Renin release rate
ngAIhr'arteriole'Ihr
Arteriolar
renin content
ngAPhr'/
arteriole
Ratio of renin
release rate in
period I to content
%I II III
1. Normal-sodium group
(non-treated) 23 0.72 0.06 0.71 0.07 0.77 0.07 26.8 2.51 2.92 0.25
2. Normal-sodium group
(treated) 9 1.53 0.32" 1.23 029b 1.22 0.31 26.3 6.41 6.38 0.73c
3. Low-sodium group
(non-treated) 9 0.92 0.11 0.68 0.11 0.76 0.06 86.1 17.5c 1.58 0.33"
a Values are the mean SEM. N refers to the number of experiments; I, II, and III refer to first, second, and third
respectively. Treated and non-treated refer to groups which were treated or not treated with collagenase-hyaluronidase.
P < 0.05.
P < 0.01 when compared with a normal-sodium untreated group.
incubation periods,
Collagenase-hyaluronidase-
treated
3
4
3
2
Non-treated 0
Collagenase-hyaluronidase-
treated
y = 0.048X + 0.21
r = 0.93, P < 0.01
0
0
.
4
a
.r .
-ca
I I
1 2 3 1 2 3
Incubation period Incubation period
Fig. 3. Individual renin release rates in collagenase-hyaluronidase
treated (N = 9) and non-treated (N = 10) groups.
hr' arteriole '/hr increase in the non-treated group. Even
though the treated and non-treated groups responded similarly
to isoproterenol, basal renin release rate was significantly lower
in the non-treated than in the treated group. However,
isoproterenol did not affect arteriolar renin content.
Acety/choline. Acetyicholine did not alter renin release rate
(0.62 0.08, 0.86 0.33, and 0.75 0.12 ngAI hr_'
arteriole1/hr for control, experimental, and recovery periods,
respectively) or tissue renin content (30.5 7.24 and 23.5
1.39 ngAI hr'/arteriole in control and experimental groups,
respectively).
Sodium depletion. When arterioles were obtained from sodi-
um-depleted rabbits, renin release rates during the first, second,
and third incubation periods were 0.94 0.11, 0.68 0.11, and
0.76 0.16 ngAI hr arteriole'/hr, respectively (Table 1).
While sodium depletion did not affect the renin release rate, it
increased arteriolar renin content significantly, leading to a
decrease in the ratio of renin release rate to arteriolar renin
content.
In contrast to a direct linear relationship observed in rabbits
on a normal-sodium diet (Fig. 4), there was no correlation
between the renin release rate and arteriolar renin content in
sodium-depleted rabbits (r = 0.1; P> 0.05).
10 20 30 40 50 60
5)
.r
70
Arteriolar renin content
ngAIhr - '/arteriole
Fig. 4. Relationship between renin release rate during the first incuba-
tion period and arteriolar renin content in collagenase-hyaluronidase
treated (N = 15) and non-treated (N = 29) groups.
Discussion
Recently, a microdissection technique was used for the
isolation of renal microvessels [11]. In the present study, using
a similar technique, we demonstrated that it is feasible to study
renin release in the absence of tubules, glomeruli, and macula
densa.
Collagenase and hyaluronidase are enzymes commonly used
to facilitate microdissection [12—141 or to disperse cells for
suspension [9, 10]. In the present study, this treatment led to
larger variations in renin release overtime, greater renin release
rates, and greater ratios of renin release to arteriolar renin
content when compared to data from untreated tissue. How-
ever, there was no difference in the magnitude of renin re-
sponses to isoproterenol between groups. We did not examine
the mechanisms by which collagenase-hyaluronidase treatment
affected basal renin release. Collagenase (type I) is an enzyme
preparation that contains proteases other than collagenase.
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Table 2. Effect of isoproterenol on renin release rate and arteriolar renin content"
Group N
Renin release rate
ngAI'hr '/arteriole'Ihr Arteriolar renin
content
ngAIhr'/arterioleI II III IV V
Treated
I. Control 6 1.02 0.26 0.91 0.14 0.58 0.04 0.55 0.08 0.57 0.06 19.2 4.91
2. Isoproterenol 6 1.06 0.27 1.11 0.29 2.22 0,43b 0.97 0.28 0.97 0.26 30.5 10.3
Non-treated
1. Control 6 0.51 0.08" 0.48 0.09" 0.49 0.08 0.39 0.08 0.46 0.09 24.8 4.10
2. Isoproterenol 6 0.55 0.04" 0.56 0.07" 1.71 0,17b 0.79 0.13 0.62 0.07 35.7 8,16
Values are the mean SEM. N refers to the number of experiments; I, II, III, IV, and V refer to the incubation periods. Isoproterenol (8.1 XiO M) was present during period III.
P < 0.01 compared with period 11.
P < 0.05 compared with the treated group.
These proteases might well affect cell membrane function or
intracellular mechanisms of renin release after cellular entry of
the enzymes [15].
Assessment of tissue viability is important for in vitro studies
to exclude passive release of renin from damaged or dead cells.
Tissue viability per se was demonstrated by examining the
ability to exclude Trypan blue in the present preparation. In
addition, there are several lines of evidence which support the
viability of our preparation. First, renin release rates were
stable for 60 mm in the control study when afferent arterioles
were microdissected without collagenase-hyaluronidase treat-
ment. Second, a substantial amount of renin remained in the
arterioles after incubations. One might reasonably expect renin
release to increase and arteriolar renin content to decrease as
more cells die. Finally, renin release increased during exposure
to isoproterenol and returned to basal values after removal from
isoproterenol. Even after the increased release of renin, arte-
riolar renin content was not different between experimental and
control groups. All these results suggest that our preparation is
viable and suitable for the study of renin release.
Isoproterenol is a known stimulus of renin release, and it is
thought to enhance renin release through its direct action on
/3-adrenoceptors of juxtaglomerular cells [3, 6, 8, 16, 17].
However, it is also known to be a potent vasodilator. Because
acetylcholine, which is reported to dilate rabbit isolated afferent
arterioles [11], failed to elicit a change in renin release, it may
not be reasonable to attribute the enhancement of renin release
to a possible vasodilatory property of isoproterenol in this
preparation.
The concentration of isoproterenol used in the present study
(8.0 x iO- M) was the same as that used by Morris, Nixon, and
Johnston [81 and was relatively high as compared with those
used in the other reports [3, 6, 171. The purpose of this
experiment was to provide evidence for tissue viability by
confirming that our preparation responds to stimuli of renin
release. Thus, instead of determining a dose-response curve, a
relatively high concentration was used to see clear responses.
The renin release rate was 2.8% of arteriolar renin content
each hour when arterioles were obtained from rabbits main-
tained on a normal-sodium diet without collagenase-
hyaluronidase treatment. This agrees well with the 2 to 3%
reported by DeJong [4] for the renin release in rat kidney slices
but is much lower than the 10% reported by Braverman,
Freeman, and Rostorfer [2] in rat kidney slices. A direct linear
relationship between the renin release rate and tissue renin
content was also reported in an in vitro preparation of baboon
kidneys [18].
Using dog kidneys, Park et al [5] reported that the renin
release rate increased proportionally to the renal renin content
up to a content of 100 ng AI/hr'/mg tissue, and that at high
tissue renin levels it appeared to reach a maximum. Although
dietary sodium depletion increased arteriolar renin content in
the present study, it did not alter basal renin release rate. These
findings in the present study and those of Park et al [5] may lend
support to the hypothesis that there are two or more pools for
renal renin. It might be speculated that sodium depletion of the
rabbits increased renin content in a storage pool rather than in
a pool contributing to basal release.
In contrast to the present study, other investigators have
reported that sodium depletion increases renin release both in
vivo [5, 19, 20] and in vitro [2, 5, 211. The difference in our
present results from those of others may have an anatomical
basis. It has been shown that sodium depletion increases the
number of renin secretory granules [22, 23]. Using a semiquan-
titative immunocytochemical peroxidase-antiperoxidase tech-
nique, Taugner et al [24, 25] reported that subchronic stimula-
tion of renin release increased the fraction of renin positive cells
not only in afferent arterioles but also in interlobular arteries
and efferent arterioles, suggesting the recruitment of new renin-
producing cells. If the newly recruited renin-producing cells
contribute to the enhanced renin release seen in sodium deple-
tion in the other studies, then the present failure to see
enhanced basal release may be due to the fact that our prepara-
tion has only a short length of interlobular artery and no efferent
arterioles, Thus, the increased renin release from the
interlobular arteries and efferent arterioles which may contrib-
ute to the enhanced renin release in vivo and in other in vitro
systems would not influence renin release rate in our prepara-
tion. Another anatomical basis could be the absence of the
macula densa in the present preparation. If the macula densa
provides a chronic stimulus to renin release during sodium
deprivation, and this effect persists in vitro, then its absence
might result in a reduced basal release rate. Finally, because all
of these experiments were done using afferent arterioles
microdissected from superficial cortex, we cannot exclude the
possibility that afferent arterioles from deeper nephrons may
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exhibit a different response to sodium depletion as well as to
isoproterenol or other stimulation.
In conclusion, we have demonstrated that microdissected
afferent arterioles can be used to study renin release in the
absence of tubules, glomeruli, and macula densa.
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